by a spherical to slightly elongated soma and an invaginated nucleus that fills the majority of the cell body. In the soma, peroxidase reaction product is localized on the outer membrane of all cellular organelles. The reaction product of immunoreactive boutons is related primarily to vesicles, and some of these boutons establish axodendritic synaptic contacts in the SCN. The demonstration of VIP-containing neurons in the SCN provides further evidence that this nucleus is composed of a heterogeneous population of neurons which form distinct subfields within it.
Abstract
The distribution of vasoactive intestinal polypeptide-like (VIP) immunoreactivity in neurons and processes within the suprachiasmatic nuclei (SCN) of the rat was investigated with light and electron microscopic immunocytochemical techniques. These studies utilized well characterized antisera directed to synthetic vasoactive intestinal polypeptide. Specificity was established by absorption of the antisera with synthetic vasoactive intestinal polypeptide. Neurons and dendrites exhibiting specific VIP immunoreactivity are concentrated in the ventral half of the nucleus, with the greatest concentration of immunoreactive perikarya occurring in the ventral SCN immediately adjacent to and within the optic chiasm (OC). Thin varicose axons containing VIP immunoreactivity are present throughout the SCN. A large number of immunoreactive axons leave the dorsal aspect of the SCN to reach the periventricular hypothalamic nucleus and continue dorsally to form an extensive plexus along the ventral border of the paraventricular hypothalamic nucleus. Other immunoreactive axons project upon the contralateral SCN via the OC. Ultrastructurally, VIP-containing neurons in the SCN are characterized by a spherical to slightly elongated soma and an invaginated nucleus that fills the majority of the cell body. In the soma, peroxidase reaction product is localized on the outer membrane of all cellular organelles. The reaction product of immunoreactive boutons is related primarily to vesicles, and some of these boutons establish axodendritic synaptic contacts in the SCN. The demonstration of VIP-containing neurons in the SCN provides further evidence that this nucleus is composed of a heterogeneous population of neurons which form distinct subfields within it.
Vasoactivl
intestinal polypeptide-like (VIP) immunoreactivity has been demonstrated in neurons of both the gastrointestinal tract and central nervous system in a number of investigations employing both immunohistochemical and radioimmunoassay procedures (for review, see Fahrenkrug, 1979) . In addition to localization of VIP within defined populations of neuronal perikarya and processes, several studies have presented evidence implicating this peptide in synaptic function, either as a chemical transmitter or as a neuromodulator (for review, see Fahrenkrug, 1979) . These data have led to a continuing effort to define the location and projections of VIP immunoreactive neurons within the central nervous system.
A recent light microscopic immunohistochemical study of VIP localization in rat and mouse brain identified four major VIP systems in both species (Sims et al., 1980) . These include an intracerebral cortical system, an amygdalofugal system, a hypothalamic system localized primarily within the suprachiasmatic nuclei, and a system originating in the midbrain central grey. The suprachiasmatic nucleus (SCN) of the hypothalamus was reported to contain a particularly dense concentration of VIP immunoreactive perikarya and processes. Immunoreactive neurons were located in the ventral half of the SCN, whereas immunoreactive processes, although present throughout the SCN, were concentrated in the dorsal and caudal aspects of the nucleus. The intent of the present investigation is to provide a systematic light and electron microscopic analysis of the organization of VIPcontaining neurons and processes within the suprachias-matic nuclei of the rat. The reasons for the study are 3-fold. First, several investigations have shown that the SCN consists of neurons that can be separated into subpopulations on the basis of both fine structural (Suburo and Pellegrino de Iraldi, 1969; van den Pol, 1980; Moore et al., 1980) and immunocytochemical (Barry et al., 1974; Vandesande et al., 1975; Parsons et al., 1976; Alpert et al., 1976; Zimmerman and Robinson, 1976; Dierickx and Vandesande, 1977, 1979; Fuxe et al., 1977; van Leeuwen et al., 1978; Sofroniew and Weindl, 1978, 1980; Krisch, 1978; Sims et al., 1980; Peterson et al., 1980; Weindl and Sofroniew, 1980) characteristics. These studies have shown that the distribution of the different neuronal subpopulations varies throughout both the rostrocaudal and mediolateral aspects of the nucleus. As a result, there is a need for a thorough analysis of the distribution of VIP-containing cells and processes in all portions of the nucleus. Second, there is no information on the ultrastructural characteristics of VIP neurons and axons in the SCN. It is therefore of interest to determine if VIP-positive immunoreactivity can be correlated with any of the morphologically distinct neuron and bouton classifications which have been demonstrated in the SCN. Finally, the established importance of the SCN in the regulation of circadian rhythmicity (cf., Moore, 1979, for review) makes any information on the organization of the SCN of potential value in determining the means by which the SCN participates in the regulation of circadian function.
Materials and Methods

Antiserum
Vasoactive intestinal polypeptide antisera (lot Nos. 7913 and 7916) were generously supplied by Dr. J. Walsh (Center for Ulcer Research and Education, University of California at Los Angeles). These antisera are directed to the COOH-terminal of vasoactive intestinal polypeptide. Radioimmunoassay analysis has demonstrated that these antisera are inhibited completely by either vasoactive intestinal polypeptide or the 17-to 22-amino-acid fragment of VIP (J. Walsh, personal communication). Histochemical tests of antibody specificity at the light microscopic level included preabsorbing the antiserum with 10 PM synthetic vasoactive intestinal polypeptide, secretin, somatostatin, neurotensin, or vasopressin and substitution of these absorbed antisera for the unabsorbed antiserum. In addition, antibody specificity at the electron microscopic level was tested using antiserum preabsorbed with 10 pM synthetic vasoactive intestinal polypeptide.
Tissue preparation and immunocytochemical methods Light microscopy. Seventeen adult Sprague-Dawley rats (150 to 350 gm) of both sexes were used. Anesthetized rats (sodium pentobarbital, 40 mg/kg of body weight) were perfused with 50 ml of 6% dextran followed immediately by 150 to 300 ml of 4.0% paraformaldehyde in 0.1 M sodium phosphate buffer containing 0.1 M lysine-HCl and 0.01 M sodium periodate (PLP; McLean and Nakane, 1974) . The brains were postfixed in PLP for 0.5 to 1.5 hr and stored overnight at 4°C in 30% phosphate-buffered sucrose. Serial sections through the suprachiasmatic nuclei were cut at 25 to 30 p with a freezing microtome in the coronal (12 rats), sag&al (3 rats), or horizontal (2 rats) plane. Sections were collected and stored in 0.1 M phosphate buffer at 4°C for 2 to 48 hr prior to processing for immunohistochemical staining. In addition, 2 animals received an injection of colchicine into the lateral ventricle 2 days prior to sacrifice.
Sections processed according to the indirect immunofluorescent method of Coons (1958) were washed at room temperature in 0.1 M phosphate buffer, pH 7.4, and incubated in primary antisera (diluted to 1:lOOO with 0.3% Triton X-100) for 24 hr at 4°C. Tissue then was washed thoroughly in 0.1 M phosphate buffer and placed in fluorescein isothiocyanate (FITC) conjugated to goat anti-rabbit globulin (Miles) diluted to 1:lOO with 0.3% Triton X-100 for 30 min at room temperature. Subsequently, sections were washed in several changes of 0.1 M phosphate buffer, mounted on gelatin-coated slides, and coverslipped with a glycerin/carbonate mixture. Sections then were analyzed and photographed using a Leitz Orthoplan photomicroscope.
Tissue prepared by the indirect immunoperoxidase technique of Sternberger (1979) was processed as follows. Following a lo-min phosphate buffer wash at room temperature (with or without 10% normal goat serum), sections were incubated in primary antisera (diluted to 1: 1000 with 0.3% Triton X-100) for 24 to 48 hr at 4°C. Sections were washed thoroughly in 0.1 M phosphate buffer and transferred to goat anti-rabbit IgG (diluted to 1:50 with 0.3% Triton X-100) for 30 to 45 min at room temperature. In some instances, 1% normal goat serum was added to the IgG. Excess IgG was washed from the tissue by several changes of phosphate buffer and transferred to rabbit peroxidase-antiperoxidase (PAP; Cappel) diluted in 0.3% Triton X-100 (1:50 to 1:150) for 30 to 45 min at room temperature with agitation. After washing in several changes of phosphate buffer, sections were incubated in diaminobenzidine (DAB; 33 mg/lOO ml) in 0.1 M cacodylate buffer (pH 7.2), 0.1 M phosphate buffer (pH 7.2), or 0.05 M Tris/saline buffer for 10 min. In some instances, tissue was washed in 0.5% cobalt chloride in 0.1 M Tris-HCl (pH 7.6) prior to DAB incubation (Adams, 1977) . Following the DAB preincubation, Hz02 was added to the DAB solution (final concentration, 0.01%) with agitation for an additional 2 to 10 min. Sections were washed in buffer, mounted on gelatin-coated slides, dehydrated in ethanol, cleared in xylene, and coverslipped with Permount. The DAB reaction product in selected sections was intensified by incubating reacted tissue in 0.1 to 0.2% osmium tetroxide (0~04) for 15 to 60 set prior to clearing and coverslipping.
Electron microscopy. With only slight modification, tissue prepared for electron microscopic immunocytochemistry was processed according to the procedures of Pickel et al. (1980) . Rats were perfused with physiological saline followed by 4% paraformaldehyde, 0.2% glutaraldehyde in 0.1 M phosphate buffer, pH 7.6. The brain was removed and postfixed for 1.5 hr at 4"C, after which, 30-to 50-p serial sections through the SCN were cut in the coronal or sag&al planes with a Vibratome (Oxford Instruments). Sections were collected in 0.1 M phosphate buffer, washed for 30 min in two changes of 0.5 M Tris/ saline buffer, and incubated in the primary antisera (diluted to 1:lOOO with 0.5 M Tris/saline buffer) for 24 to 48 hr at 4°C. Sections then were washed for 30 min in several changes of the Tris/saline buffer prior to and following a 30min incubation in IgG (MO) at room temperature. After the last buffer wash, sections were placed in peroxidase-antiperoxidase (1:50) for 30 min at room temperature with agitation. Tissue then was washed twice in Tris/saline buffer and reacted in a 0.5% solution of DAB in 0.1 M phosphate buffer containing 0.1% Hz02. Following the DAB reaction, tissue was washed in several changes of phosphate buffer and placed in a 2.0% solution of 0~04 in 0.1 M phosphate buffer (pH 7.2) containing 1.5% potassium ferricyanide. The potassium ferricyanide was included in the OSOC since it improves the preservation of membranes in aldehyde-fixed material (Langford and CoggeshaIl, 1980) . Following osmification for 1 br, sections were washed twice in phosphate buffer, dehydrated in a graded ethanol series, passed through two changes of propylene oxide, and infiltrated and embedded in Epon-Araldite plastic resin.
Thin sections of each Vibratome section were cut with a Reichert Ultracut ultramicrotome (American Optical), collected on Formvar-coated slot grids, and examined unstained with a JEOL 1OOCX transmission electron microscope. In order to determine areas of the SCN present in each section, 0.5+-n-thick sections cut immediately adjacent to the thin sections were collected and stained with toluidine blue.
Results
Immunoreactivity
to VIP antisera is observed in neuronal perikarya and dendrites located in the ventral half of the suprachiasmatic nuclei (SCN) and in varicose axons throughout the nucleus. The specificity of the immunoreactivity to VIP was verified by the loss of immunoreactive staining in sections incubated in VIP antiserum preabsorbed with 10 PM synthetic vasoactive intestinal polypeptide. Similarly, VIP immunoreactive staining does not appear to be due to cross-reactivity with somatostatin, neurotensin, vasopressin, or secretin since incubation of tissue in antiserum preabsorbed with 10 PM concentrations of each of these peptides did not +A Figure 1 . A parasagittal section through the suprachiasmatic nucleus of the rat illustrating the distribution of VIP-containing cells and processes and the approximate planes (A to E) of the sections illustrated in Figures 2 through 6. Inununoreactive perikarya are concentrated in the ventral third of the SCN, except at the extreme rostral and caudal aspects of the nucleus. Positively stained perikarya also are situated entirely within the optic chiasm throughout the rostrocaudal extent of the SCN/OC interface. VIP-containing beaded axons are present throughout the nucleus but arborixe most extensively in the caudal and dorsal portions of the SCN. Ros, rostral, Cau, caudal, marker bar = 106 pm. Vol. 1, No. 11, Nov. 1981 eliminate specific staining. The distribution of immunoreactive staining was identical in tissue prepared by both the FITC and PAP procedures and colchicine pretreatment did not reveal any immunoreactive perikarya other than those described below. Cobalt and osmium treatment of tissues intensified the reaction product, often allowing for visualization of more of the dendritic tree of immunoreactive neurons.
Light microscopy Perikarya. Examination of coronal, sag&al, and horizontal sections through the SCN demonstrated that neurons and dendrites exhibiting VIP immunoreactivity are concentrated within the ventral half of the SCN with the exception of the rostral and caudal poles of the nucleus (Figs. 1, 2 , and 4 to 7). This is best illustrated in parasagittal sections (Fig. 1 ) in which immunoreactive perikarya are aggregated within the ventral portion of the middle two-thirds of the nucleus. Immunoreactivity in the remainder of the SCN (rostral, caudal, and dorsal aspects) is restricted to varicose axonal profiles (Figs. 1, 3 , 4, and 6). The greatest concentration of neurons exhibiting immunoreactivity is observed in the area of the SCN immediately adjacent to the optic chiasm (OC). In this region, which encompasses approximately the ventral third, of the SCN, immunoreactive perikarya are packed so densely that it is difficult to discern whether unstained neurons are present (Figs. 2 and 7) . The dense aggregation of immunoreactive neuronal perikarya extends throughout the entire mediolateral extent of the SCN/ OC interface (Fig. 5) . Furthermore, while the greatest concentration of VIP neurons is immediately adjacent to the OC, scattered immunoreactive perikarya occur throughout the ventral half of the SCN. No immunoreactive perikarya are evident within either the dorsomedial or dorsolateral quadrants of the SCN.
VIP-containing neurons in the area of the SCN are not confined' to the classical anatomical boundaries of this nucleus. Immunoreactive neurons totally isolated within the confines of the OC are consistently observed in large numbers along the rostrocaudal and mediolateral extent of the SCN/OC interface (Figs. 1, 4 , 5, and 7). These intrachiasmatic neurons generally give rise to one or more dendrites which are preferentially oriented dorsally toward the SCN, often extending into the ventral aspect of the nucleus. Conversely, immunoreactive neurons immediately adjacent to the OC, but within the boundaries of the SCN, frequently give rise to both dendrites and varicose axons which course ventrally into the OC (Figs. 7 and 8). Immunoreactive perikarya are packed densely in the ventral SCN throughout the mediolateral extent of the nucleus (Fig. 2) . In the dorsal portion of the SCN, immunoreactivity is found only in varicose axons (Fig. 3) . III, third ventricle; Ros, rostral, marker bar = 500 pm.
Figures 4 to 6. Photomicrographs of coronal sections through the SCN corresponding to the planes designated C, D, and E in Figure 1 . In the most rostral section (Fig. 4) , immunoreactivity is relegated to beaded axons within the nucleus, while positively stained perikarya are found only in the optic chiasm. The intermediate portion of the SCN (Fig. 5 ) is characterized by a dense aggregation of immunoreactive perikarya in the ventral third of the SCN and beaded immunoreactive axons in the dorsal portion of the nucleus. Immunoreactive perikarya also are present in the optic chiasm throughout the mediolateral extent of the SCN/OC interface. The caudal SCN (Fig. 6) , which lies dorsal to the crossing fibers of the caudal OC, exhibits only scattered immunoreactive perikarya and an extensive plexus of VIP axons which pass dorsally into the periventricular hypothalamic nucleus. 111, third ventricle; marker bars = 100 am.
Processes. Thin varicose processes demonstrating VIP immunoreactivity are present throughout the entire extent of the SCN but appear to be most prevalent within the dorsal and caudal portions of the nucleus (Figs. 1,3 , 5, and 6). It is difficult to determine the fiber density in the ventral portion of the SCN at the light microscopic level due to the large number and close proximity of intensely immunoreactive SCN neurons (Fig. 7) . Nevertheless, light and electron microscopic (see description below) analyses reveal numerous beaded immunoreactive axons within the ventral SCN which extend into the remaining areas of the nucleus. In parasagittal sections through the SCN, many of these axons arborize within the caudal and dorsal aspects of the nucleus (Fig. 1) . However, a large number of immunoreactive axons leave the dorsal aspect of the SCN and pass into the periventricular hypothalamic nucleus and the immediately adjacent anterior hypothalamic area (Figs. 5 and 6 ). These axons, which exhibit varicosities throughout their full extent, continue dorsally to form an extensive plexus which arborizes along the ventral border of the paraventricular nucleus (PVH; Fig. 9 ). Scattered immunoreactive axons course into the PVH. Other immunoreactive axons leave the medial aspect of the SCN and traverse the OC to pass into the contralateral SCN (Fig. 8) .
Electron microscopy
The intensity of VIP immunoreactive staining exhibited in SCN neurons and processes is dependent upon the proximity of the ultrathin section to the tissue sample surface. Sections taken from the most superficial portion of the tissue contain immunoreactive profiles which exhibit such dense reaction product that it is often difficult to discern any of the fine structural characteristics of the profile. In contrast, sections taken deeper into the tissue block exhibit progressively less intense immunoreactive staining. Virtually no reaction product was evident in sections taken deeper than 10 pm from the tissue sample surface. The majority of the analysis in the present study was carried out on sections 2 to 5 pm from the sample surface. Such samples contained sufficient peroxidase reaction product within stained profiles to ensure identification of VIP-containing neurons and processes, but the reaction product is not so dense as to obscure the ultrastructural characteristics of the labeled profile or its relationship to surrounding structures.
Perikarya. Positively stained neuronal perikarya exhibit a spherical to slightly elongated shape (Fig. 10) . The long axis of the cell is approximately 12 pm in length, while the short axis of the cell is approximately 7.5 pm long. The cell nucleus usually is placed centrally within the soma and often exhibits a number of finger-like invaginations. The cytoplasm of the neuron is characterized by a light organelle-rich matrix. Peroxidase reaction product is localized on the outer membrane of all of the cellular organelles but is particularly evident on external membranes of Golgi cisternae, on the outer membranes of vesicles, and on the external mitochondrial membrane (Figs. 10 and 11 ). Other organelles, such as cisternae of rough endoplasmic reticulum and microtubules, also exhibit reaction product; however, the intensity of the staining of these and other organelles is much more dependent upon the proximity of the thin section to the tissue sample surface. No reaction product was apparent free within the cytoplasm.
Immunoreactive neurons within the optic chiasm share the same ultrastructural and staining characteristics as neurons located within the nucleus proper (Fig. 12) . These cells often reside within a pocket of intrachiasmatic neuropil which also contains positively stained axons and dendrites. Often, one or more dendrites extend dorsally from the soma of these cells toward the SCN. As stated in the light microscopic description, VIP-positive intrachiasmatic neurons are present throughout the rostrocaudal and mediolateral extents of the SCN/OC interface. Processes. Peroxidase reaction product is observed within dendrites, vesicle-filled boutons, and inter-varicose segments of axons throughout the SCN (Figs. 13 and 14) . No attempt was made to determine variations in fiber density in different parts of the nucleus due to the variability of immunoreactive staining in tissue prepared for electron microscopic analysis. Within intervaricose segments of axons and in dendrites, reaction product is observed upon microtubules and external mitochondrial membrane. Immunoreactive boutons characteristically exhibit a clear axoplasm containing mitochondria and varying numbers of lucent spherical vesicles distributed throughout the ending (Fig. 13) . Dense core vesicles are observed only occasionally in these terminals. Within labeled boutons, reaction product is localized on the outer surface of the small spherical vesicles and mitochondria. When present in labeled terminals, dense core vesicles exhibit an enhanced density of the core.
Positively stained boutons are observed most often in apposition to dendrites within the SCN. In some instances, asymmetric synaptic contacts are present between dendrites and labeled boutons (Fig. 13) . Similarly, immunoreactive dendrites characteristically exhibit sites of synaptic specialization with unlabeled boutons ( Vol. 1, No. 11, Nov. 1981 14) . To date, we have not observed synaptic contact between two immunoreactive profiles, and axosomatic contacts involving immunoreactive boutons are rare.
Discussion
The present immunocytochemical demonstration of vasoactive intestinal polypeptide-containing nerve cell perikarya and processes within the suprachiasmatic nuclei of the rat contributes to the increasing number of chemically defined cells and processes which have been identified within this hypothalamic nucleus. In addition to VIP, neurons have been localized within the SCN which exhibit positive immunocytochemical staining for vasopressin (Vandesande et al., 1975; Dierickx and Vandesande, 1977, 1979; Krisch, 1978; van Leeuwen et al., 1978; Sofroniew and Weindl, 1978, 1980; Weindl and Sofroniew, 1980) , neurophysin (Zimmerman and Robinson, 1976; Sofroniew and Weindl, 1978; Peterson et al., 1980) , and somatostatin (Parsons et al., 1976; Alpert et al., 1976; Dierickx and Vandesande, 1979) . Similarly, several different chemically defined axonal populations have been demonstrated within the suprachiasmatic nuclei by means of immunocytochemistry, autoradiography, and fluorescence histochemistry. These include dense fiber plexuses of vasopressin/neurophysin ( Vandesande et al., 1975; van Leeuwen et al., 1978 ; G. M. Peterson, W. B. Watkins, and R. Y. Moore, unpublished observations), somatostatin (Hokfelt et al., 1978) , serotonin (Fuxe, 1965a, b; Aghajanian et al., 1969; Moore et al., 1978; Nojyo and Sano, 1978; Ajika and Ochi, 1978) , and avian pancreatic polypeptide (J. P. Card, N. Brecha, and R. Y. Moore, unpublished observations), as well as scattered substance P and thyrotropin-releasing-hormone-containing processes (see Hokfelt et al., 1978, for review) . From the results of the above mentioned immunocytochemical investigations and recent light and electron microscopic analyses (van den Pol, 1980; Moore et al., 1980) , it has become increasingly evident that the suprachiasmatic nuclei are composed of distinct subdivisions in which the cells are morphologically and chemically distinct. This is particularly evident in the immunocytochemical characterization of cell types reported in this and other studies. A number of investigations have reported vasopressin-containing neurons which are located preferentially within the dorsal and medial aspect of the SCN. While previous reports (Sofroniew and Weindl, 1978, 1980) indicated that this neuronal population was relegated to the rostral half of the SCN, recent evidence (G. M. Peterson, W. B. Watkins, and R. Y. Moore, unpublished observations; J. P. Card, N. Brecha, and R. Y. Moore, unpublished observations) obtained from immunocytochemical staining for either neurophysin or vasopressin indicate that this group of cells occurs throughout the rostrocaudal extent of the SCN. Dierickx and Vandesande (1979) have provided evidence that neurons in the dorsomedial segment of the SCN can be subdivided further on the basis of their immunocytochemical staining characteristics. Using double labeling immunocytochemical procedures, these authors demonstrated that somatostatin and vasopressin are contained in separate neurons in the dorsomedial aspect of the SCN. No indication was given as to the rostrocaudal distribution of somatostatin neurons in their study. Evidence for further subdivision of suprachiasmatic neurons is presented in the present investigation and that of Sims et al. (1980) . Sims et al. (1980) reported that, in the rat and mouse, specific cell body staining for VIP was observed in the basal and caudal portions of the SCN. Our findings in the rat, while in basic agreement with Sims et al. (1980) , differ somewhat in the rostrocaudal distribution of VIP-positive perikarya. In coronal, sagittal, and horizontal sections through the SCN, we observed positively stained perikarya concentrated within the ventral aspect of the medial two-thirds of the nucleus. The rostra1 and caudal poles of the SCN exhibited few, if any, positively stained neurons. This slight discrepancy might be explained by the difficulty that is often encountered in defining the boundaries of the SCN. Since the nucleus merges gradually with the adjacent hypothalamus along its peripheral aspects, often it is difficult to identify the dorsal and lateral borders of the SCN. We have attempted to circumvent this problem by staining sections adjacent to those processed for immunocytochemistry with cresyl violet and are confident, after examining a number of different cases in various planes of section, that the rostra1 and caudal poles of the SCN contain only scattered VIP-positive perikarya.
The possibility that the chemically distinct classes of neurons also may be segregated on the basis of morphology is supported by the electron microscopic findings of the present investigation. Our findings indicate that the VIP-positive neurons in the ventral portion of the SCN are characterized by a spherical to slightly elongated cell soma containing a centrally placed nucleus which often exhibits a number of irregular invaginations. The cytoplasm of these cells exhibits a light organelle-rich matrix. By contrast, perikarya present in the dorsomedial portion of the nucleus are characterized by an elongated cellular conformation, with the nucleus filling most of the soma. The organelle-poor cytoplasm forms a thin rim around the nucleus in the short axis of the cell and the few organelles present accumulate in the cytoplasm at each pole of the neuron. These findings correlate well with those reported in recent light and electron microscopic studies of the cellular morphology of neurons in the adult rat suprachiasmatic nuclei (van den Pol, 1980; Moore et al., 1980) . Each of these investigations indicated that the SCN can be subdivided into dorsomedial and ventrolatera1 segments on the basis of differences in cell morphology. In both of these studies, the general morphology of neurons in each of the designated SCN subfields corresponds closely to that described for the VIP neurons in the ventral SCN and the unstained neuronal perikarya in the dorsomedial segment of the SCN in the present study. Since the majority of neurons in the dorsomedial segment of the SCN have been shown to contain vasopressin (VP) or its carrier protein neurophysin, it would appear that VP and VIP cell groups differ in cell morphology as well as histochemical staining characteristics and distribution within the nucleus.
Parcellation of the suprachiasmatic nucleus is also evident in the pattern of termination of SCN afferents. Junger, 1977; Giildner, 1978a, b) , serotonergic axons havior, and pineal serotonin N-acetyltransferase levels in (Fuxe, 1965a, b; Aghajanian et al., 1969; Moore et al., female Brattleboro rats genetically deficient in vasopres-1978; Ajika and Ochi, 1978) , avian pancreatic polypepsin and found no disruption in any rhythm studied. Thus, tide-containing axons (J. P. Card, N. Brecha, and R. Y. it is evident that vasopressin-containing neurons, which Moore, unpublished observation), and axons arising from are the principal cell type in the dorsomedial aspect of the ventral lateral geniculate nucleus (Swanson et al. , the SCN, are not essential for the maintenance of these 1974; Ribak and Peters, 1975) . Other SCN axonal plexrhythms in the rat. Mosko and Moore (1978, 1979) anauses, which differ in that they arise primarily from neu-lyzed circadian rhythms in spontaneous locomotor activrons in the SCN, seem less subject to the strict parcelity and drinking behavior following total and partial lation which is characteristic of the retinal, serotonergic, ablation of the SCN of the neonate. Their findings demavian pancreatic polypeptide, and geniculate afferents. onstrated a total loss of rhythmic function of these paThis is illustrated by the distribution of vasopressin and rameters in animals which received a complete ablation VIP axons in the SCN. Each of these fiber systems arises of the SCN. Incomplete lesions in which various portions from neurons situated within the confines of the SCN of the SCN were left intact spared some of the circadian and both plexuses are distributed throughout the nu-function, but there was no clear evidence to indicate any cleus. In addition, the electron microscopic findings of association between any separate function and a specific the present investigation illustrate VIP-containing bou-subfield within the nucleus. Indeed, extensive investigatons establishing classical asymmetric synaptic contacts tions (Raisman and Brown-Grant, 1977 ; van den Pol and with SCN dendrites. These findings would seem to sug-Powley, 1979) of the effects of the partial and total SCN gest that, while afferent input to specific subfields of the ablation in the rat suggest equipotentiality rather than SCN may serve to influence only selected groups of localization of function in the nucleus. Nevertheless, resneurons in the nucleus, VP and VIP axons may, through olution of this question requires more detailed analysis their intranucleus arborization, integrate the activity of of the fine stuctural organization of different areas of the various subpopulations of SCN neurons.
SCN as well as the behavioral consequences of discrete Our study, although primarily concerned with the dis-lesions of specific cell and fiber populations in the SCN. tribution of VIP axons within or in close proximity to the Determination of the importance of VIP and other SCN, does provide some information on efferent projecpeptides in the function of the SCN depends upon a clear tions of VIP-containing SCN neurons to other hypothadefinition of their role in synaptic transmission. A numlamic areas. A large number of beaded VIP axons can be ber of investigations have shown that VIP fulfills several traced from the dorsal aspect of the suprachiasmatic of the criteria which are necessary prerequisites for connuclei into the ipsilateral periventricular hypothalamic sideration as a neurotransmitter (See Fahrenkrug, 1979, nucleus and through it to the ventral border of the for review). VIP has been demonstrated within both paraventricular hypothalamic nucleus (PVH) where they neurons and vesicles of nerve terminals. Other investiform an extensive arborization of varicose axons along gations have demonstrated potassium-evoked calciumthe ventral border of the PVH. This finding is consistent dependent release from hypothalamic nerve terminals as with the autoradiographic study of Swanson and Cowan well as binding to specific central nervous system recep-(1975) . Following an injection of tritiated proline that tors. In addition, we have demonstrated that VIP is appeared to be isolated to the ventral portion of the contained within terminals in the SCN which form clas-SCN, these authors reported considerable accumulation sical asymmetric synaptic contacts with dendrites. While of silver grains along the ventral and medial borders of a number of criteria remain to be satisfied before VIP is the PVH. This finding has been confirmed subsequently accepted as a neurotransmitter in the central nervous by Berk and Finkelstein (1980) following iontophoretic system, its high concentration in SCN neurons and proinjection of tritiated leucine into the SCN. It therefore cesses indicates that this cell and process system should appears that at least a portion of this projection is be considered in any future morphological or functional composed of axons arising from VIP neurons of the SCN. investigation of this hypothalamic nucleus. Our study also demonstrated a large number of varicose axons coursing horizontally between the two suprachiasReferences matic nuclei. Such fibers also were reported by Sims et al. (1980) contralateral SCN following iontophoretic injections of Aghajanian, G. K., F. E. Bloom, and M. H. Sheard (1969) horseradish peroxidase which were confined totally to cated that the suprachiasmatic nuclei function as a cir- cadian oscillator in the rat brain. However, to date, there Alpert, L. C., J. R. Brawer, Y. C. Patel, and S. Reichhn (1976) is no conclusive evidence to suggest a separation of 
